This paper deals with the study of effect of microstructure on the development of plastic deformation around the propagating cracks of the prospective magnesium alloy which corrosion resistance is increased by the addition of 0.5 wt.% Ca. The crack was created during three-point bending test with slow increase of load. Surface perpendicular to the notch was previously metallographically prepared and etched by a standard metallographic procedure so it was possible to identify all structural components of the studied alloy. Changes of the surface morphology by slip of dislocation and grain twinning were evaluated during the experiment, mainly in places of tension loading. Result of this analysis was that the slip bands and deformation twins were more significant in material after full polyhedrization of grains then in material in as-cast state.
Introduction
Fracture in real metals is performed by deformation process and the local fracture at the tip of slowly or rapidly propagating crack. In metals synchronous fracture of interatomic bonds across whole cross section is almost impossible. If the fracture is formed by creation and propagation of cracks, it is necessary to search for the mechanism of fracture in gradual loss of interatomic bonds of atomic pairs [1 -3] . With use of fractographic analysis it is possible to create a theoretical model of crack growth.
Technical practice often requires to analyze the reasons of components rupture, equipment and machinery accidents that occurred during the operation. This is a serious technical problem with significant economic impact, which in some cases is associated with human casualties [4 -6] . For these reasons, the article is focused on the effect of microstructure on the development of plastic deformation around the propagating cracks.
Experimental materials and methods
Experimental material AZ61 alloy with the addition of 0.5 wt.% Ca was manufactured by squeeze -casting in the form of a square plate. From casted state of experimental material were machined specimens with square cross-section 8 x 8 mm 2 with length of 55 mm. In the specimens V shaped notches (stress concentrators) were machined which served as an initiation place for cracks. Surface perpendicular to the notch was previously metallographically prepared and etched by a standard metallographic procedure so it was possible to identify all structural components of the studied alloy. Specimens were analyzed in two structural states. First in ascast state and the second after heat treatment. Chemical composition of these alloys is in Table  1 . After microstructure evaluation of test specimens these were loaded by three-point bending with slow deformation increase until the crack reached about half of the cross section of the specimen. Microstructure in as-cast state was dendritic, formed by solid solution of aluminum and zinc in magnesium (phase δ), electron compound Mg 17 Al 12 (γ phase) and other phases based on Mg and Al with combination of present elements (Ca, Zn, Mn). In some locations occurred eutectics and discontinuous precipitates (Fig. 1a ) [7, 8] . Heat treatment consisted of dissolution annealing at temperature 490°C for 32 h and fast cooling to 60°C. After cooling, the specimens were annealed for 5 h at 200°C and this resulted in full polyhedrization of grains with perfect dissolution of interdendritic inhomogeneities of dendritic microstructure. The result is solid solution of Al and Zn elements in magnesium and phases based on Al-Ca, Al-Mn. The polyhedral grains eliminate the fine γ phase precipitates (Fig. 1b) . Three-point bending of the specimen causes tensile stress in the surrounding area of the notch, what causes plastic deformation of nearby grains [9 -11] . By changing orientation of the grains and also by their deformation strenghtening the plastic deformation is transmissed to other grains. The stress in the material is gradually increasing and when enough energy is accumulated and no plastic deformation is possible a crack is created in the place of maximal stress concentration. Creation of new surfaces consumes this accumulated energy and by rapid decreasing of the load is possible to stop the crack propagation. The amount of energy consumed by crack propagation depends on the surface stress and on the fracture micromechanisms. The plastic deformation near the crack tip is done by slip or twinning [12 -14] . The mechanism of plastic deformation depends on the crystallographic lattice of loaded material, on the state of stress at certain location and the speed of deformation and temperature. Therefore the geometry of the test specimens, the temperature and strain rate were same during all experiments. The dependence of plastic deformation micromechanisms on the microstructure was evaluated on metallographically prepared surfaces. The dependence of fracture micromechanisms on the microstructure was evaluated on fracture surfaces. During loading of the specimen with dendritic microstructure, the plastic deformation was formed not only by twinning, but also by slip of edge and screw dislocations (Fig. 2) . Figure 2b clearly shows the activation of slip systems in different crystallographic directions, as well as plastic deformation realized by screw dislocations [15 -16] . It is also possible to see the retardation of plastic deformation on inclusions present in the experimental alloy. In places with high stress the plastic deformation caused fracture of phase -γ particles. In Figure  3 can be seen, that the plastic deformation was performed by slip of screw dislocation and also the formation of secondary micro-cracks. During loading of the specimen with polyhedral microstructure, the plastic deformation was formed more intensively when compared to dendritic microstructure (Fig. 4) . Deformation mechanisms were similar with a difference that except massive twinning and slip can be observed very fine deformation twins and slip bands on the surface. Also the activation of slip systems in several crystallographic directions and plastic deformation realized by slip of screw dislocations can be clearly seen In the distant location of the crack were deformed only properly oriented grains and the deformation was restricted by grain boundaries (Fig. 5a) . Figure 5b shows how fine slip lines draw the shape of the barriers located below the surface. After evaluating the plastic deformation on the surface, the test specimens were broken and on fracture surfaces were analyzed fracture micromechanisms. From a macroscopic point of view specimens were broken with a ductile fracture. From the microscopic point of view was on the fracture surfaces present transcrystalline ductile fracture and also intercrystalline decohesion and almost exclusively shear fracture micromechanisms were present. Morphology of intercrystalline facets in as-cast state is characterized by rows formed by deformation twinning bands in the basal planes (Fig. 6) . Morphology of intercrystalline facets in experimental alloy after heat treatment is characteristic by presence of rows. On these rows were present shelfs similar to tongue morphology. These shelfs -tongues were probably oriented in the direction of basal planes (Fig. 7) .Test specimens in as-cast state were fractured by transcrystalline ductile fracture with dimple morphology, and dimples were shallow and dull (Fig. 8) . The shape and size of dimples was influenced by the presence of dendritic structure and particle phase -γ or phases based Al-Ca-Mg and Al-Mg-Mn. Test specimens in the state after heat treatment were fractured by transcrystalline ductile fracture with dimple morphology (with relatively deep and non-symmetric dimples) (Fig. 9 a) . Large dimples were initiated by clusters of different types of inclusions. Distribution of inclusions is well seen in the images taken by the reflected electrons (Fig. 9b) . Dimples with small diameter were initiated by fine particles, probably precipitates of electron compounds.
Conclusions
From the analysis of metallographically prepared surfaces before and after plastic deformation and from the fractographic analysis of the fracture can be concluded that change of the structure of AZ61 alloy with the addition of 0.5 wt.% Ca from dendritic to polyhedral causes changes not only in intensity, but also in the mechanisms of plastic deformation. Change of microstructure also causes changes in fracture micromechanisms.
